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57) ABSTRACT

A medical electrode device has a flat, flexible and elec-
trically insulating electrode carrier, on which at least
one electrode conductor 1s arranged in a predetermined
pattern, the conductor being partially exposed to define
an electrode surface through which electrical energy is
delivered 1In vivo to tissue adjacent the surface. The
electrode carrier insulates the passive side of the elec-
trode from surrounding tissue. The electrode surface
defined by the conductor has a relatively broad extent,
such as for defibrillating a heart. The electrode carrier
has at least one opening therein extending through the
predetermined pattern of the electrode conductor, so as
to reduce the insulative effect and to increase the flexi-
bility and resilience of the electrode carrier.

11 Claims, 1 Drawing Sheet
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1
MEDICAL ELECTRODE DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention 1s directed to an implantable
electrode device, of the type intended for connection to
a medical apparatus for delivering electrical energy,
such as electrical pulses, to living tissue.

2. Description of the Prior Art 10

Implantable electrode devices are generally known in
the art for connection to a medical apparatus to deliver
electrical impulses 1n vivo to tissue. Such known de-
vices include an electrode catheter which contains a
lead, one end of which is equipped with a connection !’
contact (Jack) for inserting the lead into a pulse genera-
tor, the other end of the catheter and lead being con-
nected to a flat, flexible electrode carrier consisting of
electrically insulating material, on which at least one
electrode conductor is arranged in a predetermined 20
pattern, the conductor being electrically conducted to
the lead. A portion of the conductor is exposed to form
an active electrode surface.

Such an electrode device is disclosed in U.S. Pat. No.
4,817,634. In this known electrode device, the insulating 25
electrode carrier has a groove therein which follows a
predetermined pattern in which an electrode conductor
is placed. The electrode conductor is coiled around an
insulating core, and is coupled to a contact clamp for
electrically coupling an electrode lead thereto, con- 30
tained in an electrode catheter. The electrode device is

designed to be sutured to the heart of a patient in order
to transmit defibrillation pulses to the heart from an

implanted defibrillator.

During implantation of this known electrode device 335
in a patient, the device is placed so that it surrounds a
large portion of the heart, thereby substantially electri-
cally insulating the heart from its surrounding tissue. As
a result, any external defibrillation pulse subsequently
delivered to the patient could be wholly or partially 40
ineffective, because the insulating electrode carrier
would prevent such externally-applied electrical im-
pulses from reaching the heart. In addition, this known
electrode device presents an obstacle to any subsequent
heart surgery, for example, for removal of damaged 45
heart tissue.

Another known electrode device is disclosed in U.S.
Pat. No. 4,567,900 wheremn the electrode is formed by a
resilient conductor curved in such a manner as to ex-
hibit a ring-shaped electrode contour. Thin, flexible, 50
conductor strips are arranged in a grid pattern within
the ring-shaped contour to form the electrode surface.
The conductor can be compressed 1nto a narrow, elon-
gated form in which it can be placed inside an introdu-
cer catheter and thereby advanced to the heart. The 55
electrode is completely uninsulated and is designed for
loose placement between the pericardium and the epi-
cardium. If the electrode were placed at any other loca-
tion, the uninsulated electrode could damage adjacent
tissue. There is no discussion in this patent as to how the 60
electrode would be prevented from shifting position
before it becomes embedded in cardiac tissue by tissue
ingrowth.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
electrode device of the type having an active electrode
surface formed by at least one conductor mounted 1n an
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electrode carrier for delivering electrical energy to a
relatively large expanse of heart tissue, but which does
not electrically insulate the heart from surrounding
tissue, and which leaves as much heart tissue as possible

exposed and accessible for subsequent external mea-
sures.

It 1s a further object of the present invention to pro-
vide such an electrode device which does not change
position after implantation.

The above object is achieved in accordance with the
principles of the present invention in an electrode de-
vice having an electrode carrier with at least one open-
ing therein 1n a surface thereof located at the side of the
electrode at which the active electrode surface is pres-
ent.

Providing the electrode carrier with one or more
openings, through which the electrode conductor does
not pass, results in an electrode device which is more
flexible than the known electrode described in U.S. Pat.
No. 4,817,634 and which can be advanced to the heart,
coiled 1nside an introducer in a manner similar to that
described in U.S. Pat. No. 4,567,900. As a result of the
one or more openings, the electrode carrier is located
substantiaily only along the predetermined path of the
conductor, so that electrical insulation of the heart with
respect to externally-applied defibrillation pulses is min-
imized, and access to heart tissue is simultaneously max-
imized without a reduction in the effective area of the
electrode. The openings also make the electrode more
flexible, so that it does not impede the heart’s move-
ments to the extent as does a conventional electrode
carrier without openings. The ability of the carrier to
conform to the heart’s movements also reduces the risk
of displacement of the position of the electrode carrier
on the heart.

The electrode catheter can be provided with a chan-
nel extending therethrough along its longitudinal axis,
with the electrode catheter being mechanically con-
nected at a peripheral region of the electrode carrier. A
tubular element can be attached to the electrode carrier
so that it constitutes an extension of the electrode cathe-
ter, the tubular element being closed at its free end with
a stopper. A stylet is introducible into the electrode
catheter and into the tubular element up to the stopper.

The stylet facilitates manipulation of the electrode
device during introduction into the body of the patient.
With the aid of the stylet, control of placement of the
electrode against the tissue is improved. In addition, the
outer contour of the electrode carrier can be changed
by manipulation of the stylet during introduction. Be-
cause the tubular element is elastic and the stopper
impedes the stylet at the free end of the tubular element,
the electrode carrier can be extended when the stylet is
pressed against the stopper. As noted above, due to the
openings in the electrode carrier the flexibility of the
electrode carrier is increased, thereby reducing the
force required to extend the electrode carrier and en-
abling the extended electrode carrier to become embed-
ded in tissue without damaging the tissue. When the
stylet 1s withdrawn, the surrounding tissue maintains
the force required to keep the electrode carrier ex-
tended. The stylet and the stopper can also be devised
so that the stylet, at a given position, is releasably
latched to the stopper, thereby compressing the elec-
trode carrier when the stylet is withdrawn. In the same
manner as with the extension of the electrode carrier,
the compressed electrode carrier can then be attached
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to tissue, with the stylet thereafter being removed. The
contour of the electrode carrier can thus easily be
adapted, for example, to the contour of the heart in such
a manner that electrical pulses supplied by the electrode
have the greatest possible effect.

The tubular element may be formed by a further,
coiled electrode conductor which is electrically con-
nected to the electrode lead in the catheter, so that the
active electrode surface i1s increased without further
limiting access to the heart or further increasing the
insulating effect of the electrode carrier on the heart.
Preferably, the conductor contained in the electrode
carrier and the conductor forming the tubular element
each consist of a single conductor wire, so as to result in
fewer coupling points and thus resulting 1n a simpler
fabrication of the overall electrode device.

Alternately, the tubular element may consist of insu-
lating material as an extension of the electrode catheter.

In a further embodiment of the electrode device ac-
cording to the invention, the free end of the tubular
element contains a movabie, fixing device for attaching
the electrode device to surrounding tissue, the fixing
device being controllable with the stylet. The fixing
device enables the electrode to be affixed more effec-
tively at a desired position on the heart, making surgery
less traumatic, because the fixing is controlled by a
remote procedure. Preferably the stylet is a double
stylet, one stylet of which controls the fixing device and

the other stylet controlling the change in the contour of

the electrode. :

For coupling the electrode conductor and the lead
contained in the catheter, it is preferable if the electrode
conductor is coiled and thereby permitting the coupling
to be achieved by coiling the electrode conductor and
the lead around each other or intertwining the electrode
conductor with the lead. The number of components is
thereby reduced, since no special contact elements,
such as crimping elements, are necessary. If a plurality
of electrode conductors are used to form the predeter-
mined pattern on the electrode carner, the pattern 1n
which the conductors are arranged can be varied to a
greater degree than if {fixed contact elements are used
for coupling the conductors. The electrode carrier can
then retain its flexibility in the contact area.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of an embodiment of an elec-
trode device constructed in accordance with the princi-
ples of the present invention.
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FIG. 2 is an enlarged side view, partly in section, of 50

a fixing element carried on the electrode device on FIG.
1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The electrode device 1 shown in FIG. 1 generally
includes three main components: a connection contact
(Jack) 2 for coupling the electrode device 1 to a stimula-
tion pulse generator (not shown) such as a defibrillator,
an electrode catheter 3, and an electrode 4 having an
active electrode surface through which a electrical
energy, such as a stimulation pulse generated by the
defibrillator, 1s delivered to a heart. The electrode 4 is
formed by a flat, electrically insulating electrode carrier
5, a first coiled electrode conductor 6 arranged at the
periphery of the electrode carrier 5, and a second coiled
electrode conductor 7 arranged in a simple loop inside
the first electrode conductor 6, and a third electrode
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conductor 20 attached to the electrode carrier 5§ such
that 1t constitutes an extension of an electrode lead 8
which runs inside the length of the electrode catheter 3
from a terminal 9 at the connection contact 2. The elec-
trode lead 8 1s coiled and thereby forms a channel in the
center of the electrode catheter 3 running the length of
the catheter 3.

‘The electrode conductors 6 and 7 are partially ex-
posed from the electrode carrier 5 and thus define an
electrode surface, which may be augmented by the
electrode conductor 20.

The first electrode conductor 6 is mechanically and
electrically coupled to the electrode lead 8 in a contact
area 10 by means of the flights of those respective coiled
conductors being intertwined. In a corresponding man-
ner the second electrode conductor 7 is mechanically
and electrically coupled to the first electrode conductor
6 at the ends 11 and 12 of the loops.

The electrode conductors 6 and 7 and the electrode
lead 8 preferably consist of compound wire having a
low-resistance core and a biocompatible sleeve. The
core is preferably made of copper, a copper compound,
silver or a silver alloy, with the sleeve consisting of
MP35N alloy (an alloy made of nickel, cobalt, chro-
mium and molybdenum), titanium, a titanium alloy,
platinum or a platinum alloy. The use of a low-resist-
ance core provides better and more uniform distribution
of current over the conductors 6 and 7.

The electrode carrier S has a plurality of openings 13
between the paths of the conductors 6, 7 and 20. The
openings 13 serve a number of purposes. First, they
make the electrode 4 more flexible than a conventional
electrode without openings, so that the electrode 4 can
be easily coiled in order to advance it to the heart
through an introducer catheter in the manner described
in U.S. Pat. No. 4,567,900. Moreover, the insulative
effect of the electrode carrier 4 on the heart, when the
electrode 4 1s applied to the heart, is reduced without
any reduction in the effective area of the active elec-
trode. This permits an electrical pulse from, for exam-
ple, an extracorporeal defibrillator, to pass through the
openings 13 in the electrode carrier 4 to heart tissue, and
additionally exposes most of the heart for access in the
event of subsequent surgery, for example, for removal
of damaged heart tissue. The various electrode loops
are held together with bridges 14 consisting of insulat-
ing material, which also contribute to maintaining the
planar shape of the electrode 4.

For attaching the electrode 4 to the heart, the elec-
trode device 1 includes a fixing device 15 at the free end
of the third conductor 20. As shown in FIG. 2, the
fixing device 15 includes a sleeve 16 and a helix 17
having a pointed tip. The helix 17 is rotated in and out
of the sleeve 16 using a stylet 18, which temporarily
mechanically engages the helix 17, or a mounting ele-
ment for the helix 17. The stylet 18 is introduced from
the connection contact 2 and runs in the channel in the
electrode catheter 3 (i.e., inside the coiled conductor 8)
and the mside the third conductor 20 to the fixing de-
vice 15. The direction of advancement of the helix 17
follows a line which forms a small angle a with the
plane 19 of the electrode surface. As a result of the
angle a, the helix 17 emerges from the plane 19 of the
electrode surface when screwed out of the sleeve 16 so
that the helix 17 can seat itself, for example, in the peri-
cardium around the heart. Since only the pericardium is
utiized for attaching the electrode to the heart, there is
no damage to the epicardium. Additionally, the pericar-
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dium remains generally intact, so that its function of

protecting the heart is uncompromised.

If the implantation site initially selected for the elec-
trode 4 proves to be unsuitable, the helix 17 can simply
be retracted back into the sleeve 16 using the stylet 18.
The electrode 4 can then be moved to some other loca-
tion on the heart and attached.

The electrode device disclosed herein can alterna-
tively be applied subcutaneously. For such a subcutane-
ous implantation, the angle a 1s preferably imncreased,
and a longer helix 17 is used, depending on the sensitiv-
ity of the tissue which will be penetrated by the helix 17.
The helix 17 may alternatively be itself angled, so that it
screws out of the back (passive side) of the electrode 4,
or straight outwardly along the extension of the elec-
trode catheter 3. This may be preferable if less sensitive
tissue is near the tissue to be stimulated. In the above
example, the helix 17 is disposed at the distal end of the
electrode 4 (i.e., distal relative to the end of the catheter
3), but could be located anywhere along the length of
the electrode 4.

Placement of the electrode 4 against the heart is addi-
tionally facilitated by manipulation of the stylet 18. The
electrode 4 can be moved, and its contour changed, by
means of the stylet 18 or, more preferably, by providing
a double stylet, with the stylet 18 being used exclusively
for operating the fixing device 15, and an additional
stylet 21 of the double stylet being used to alter the
contour of the electrode 4. The alteration in contour 1s
accomplished by the second stylet 21 pressing against a
stopper at the end of the third electrode conductor 20 so
that the electrode carrier 5 is stretched. The stopper
may, for example, consist of the fixing device 13. In its
stretched state, the electrode carrier 5 can then be af-
fixed to the heart, and the double stylet can thereafter
be removed. Although in principle one stylet, such as
the stylet 18, can suffice for controlling both the fixing
device 15 and changing the contour of the electrode 4,
control over the respective functions i1s improved if a
double stylet 1s used.

The electrode carrier 5 can also be compressed if the
stylet and stopper are devised so that the stylet, such as
the stylet 21, in a given position, i1s latched to a location
near the distal end of the electrode 4. Retracting the
stylet the compresses the electrode carrier 3, enabling it
to be affixed to the heart in a compressed state. The
latching is releasable, so that the stylet can then be
withdrawn completely.

The objective of altering the contour of the electrode
4 during implantation 1s to increase the ability of the
electrode 4 to adapt to the contour of an individual
heart, and thereby to optimize the effect of the electrical
pulses, since the contour of the electrode surface gov-
erns, to a certain extent, the path which the pulses take
through the heart tissue.

Although modifications and changes may be sug-
gested by those skilled in the art, it is the intention of the
inventor to embody within the patent warranted hereon
all changes and modifications as reasonably and prop-
erly come within the scope of his contnibution to the art.

I claim as my invention:

1. An implantable electrode device adapted for con-
nection to a medical apparatus for delivering electrical
energy in vivo to tissue, said electrode device compris-
ing:

a catheter containing an electrical conductor, each of

said catheter and electrical conductor having a first
end and a second end and said catheter and electri-
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6

cal conductor having a connection contact dis-
posed at said first ends; and

a flat, flexible electrode carrier consisting of electri-

cally mnsulating material disposed at said second
ends of said catheter and said electrical conductor,
satd electrode carrier containing at least one elec-
trode conductor electrically connected to said
electrical conductor and arranged in a predeter-
mined path on said electrode carrier to define an
electrode surface, said electrode carrier having an
opening at least partially surrounded by said prede-
termined path.

2. An electrode device as claimed in claim 1 wherein
said catheter has a channel extending therethrough, and
wherein said catheter is mechanically attached at a
periphery of said electrode carrier, and said electrode
device further comprising a tubular element mechani-
cally attached to said electrode carrier and forming an
extension of said catheter, said tubular element having a
free end closed with a stopper, and said electrode de-
vice further comprising stylet means introducible into
said channel in said catheter and into said tubular ele-
ment for temporarily mechanically engaging said stop-
per.

3. An electrode device as claimed in claim 2 wherein
said tubular element comprises a coiled electrode con-
ductor electrically connected to said electrical conduc-
tor.

4. An electrode device as claimed in claim 3 wherein
said coiled electrode conductor and said electrical con-
ductor each consist of a single conductor wire.

d. An electrode device as claimed in claim 2 wherein
said tubular element consists of an extension of said
catheter consisting of insulating material.

6. An electrode device as claimed in claim 2 wherein
said tubular element has a free end and wherein said
electrode device further comprises a2 movable fixing
element temporarily engageable with said stylet means
for operating said fixing element to affix said electrode
device to tissue.

1. An electrode device as claimed in claim 6 wherein
said stylet means comprises a double stylet system in-
cluding first and second stylets, said first stylet tempo-
rarily mechanically engaging said fixing element and
said second stylet temporarily mechanically engaging
said stopper.

8. An electrode device as claimed in claim 6 wherein
said fixing element comprises said stopper.

9. An implantable electrode device adapted for con-
nection to a medical apparatus for delivering electrical
energy 1n vivo to tissue, said electrode device compris-
ng:

a catheter containing an electrical conductor, each of
sald catheter and electrode lead having a first end
and a second end and said catheter and electrical
conductor having a connection contact disposed at
said first ends; and

a flat, flexible electrode carrier consisting of electri-
cally msulating material disposed at said second
ends of said catheter and said electrical conductor,
sald electrode carrier containing at least one elec-
trode conductor electrically connected to said
electrical conductor and arranged in a predeter-
mined path forming a closed loop on said electrode
carrier to define an electrode surface, said elec-
trode carrier having an opening surrounded by said
closed loop predetermined path.
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10. An implantable electrode device adapted for con- sald electrode carrier containing two electrode
nection to a medical apparatus for delivering electrical conductors electrically connected to said electrical
energy 1n vivo 1o tissue, said electrode device compris- conductor and respectively arranged in two closed
ing: - loop paths on said electrode carrier to define an
a catheter containing an electrical conductor, each of 5 electrode surface, said electrode carrier having an
said catheter and electrical conductor having a first opening surrounded by said two closed loop paths.

end and a second end and said catheter and said 11. An implantable electrode device as claimed in
electrical conductor having a connection contact claim 10 further comprising at least one bridge element
disposed at said first ends; and consisting of said electrically insulating material extend-

a flat, flexible electrode carrier consisting of electri- 10 ing between said first and second closed loops across
cally insulating material disposed at said second said opening.
ends of said catheter and said electrical conductor, * ¥ % *x *
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